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The thermal transport coefficients in a weakly magnetized quark-gluon plasma have been inves-
tigated within the ambit of a quasiparticle model to encode the effects of the realistic equation of
state. The presence of a weak magnetic field leads to the Hall-type conductivity associated with
thermal transport in the medium. An effective covariant kinetic theory has been employed to quan-
tify the thermal dissipation while incorporating the mean field contributions in the medium. The
interplay of thermal transport and electric charge transport in the weakly magnetized medium has
been explored in terms of the Wiedemann-Franz law. Strong violation of the Wiedemann-Franz law
has been observed in temperature regimes near to the transition temperature. The behaviour of
thermal conductivity in the strong magnetic field limit has also been studied. It is observed that
both the magnetic field and equation of state have a significant impact on the thermal dissipation
in the medium.
Keywords: Thermal conductivity, Quark-gluon plasma, Weak magnetic field, Effective fugacity, Electrical
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I. INTRODUCTION
It is expected that an intense magnetic field has been
generated in the very initial stages of non-central col-
lisions at Relativistic Heavy-Ion Collider (RHIC) and
the Large Hadron Collider (LHC) [1–4]. The measure-
ment of the RHIC [5] and the very recent LHC observa-
tion [6] on the directed flow v1 for charged hadrons and
D/D¯0 mesons confirms the existence of the strong mag-
netic fields in the high energetic collisions. However, a
clear picture of the evolution of the magnetic field and
its lifetime in the medium is yet to be known. Studies
have shown that the magnetic field decays rapidly in a
vacuum, and the evolution of the field in the system of
charged particles may depend on the medium properties,
say, electrical conductivity [7, 8]. This suggests that the
magnetic field may sustain in the hot QCD medium for
a longer time than anticipated.
The magnetic field may affect the transport and
thermodynamical behaviour of the quark-gluon plasma
(QGP), created in the heavy-ion collisions [9, 10]. In par-
ticular, anomalous transport phenomena [11–14], mag-
netic catalysis [15], electromagnetic probes [16, 17],
quarkonia suppression [18, 19], heavy quark trans-
port [20, 21], and jet quenching [22] in the magne-
tized medium have gained huge momentum in recent
years. There have been several investigations of the
QGP medium properties in the presence of a strong
magnetic field [23–27] and also in a weak magnetic field
limit [28–31]. Notably, in a strongly magnetized medium,
the charged fermions follow 1 + 1−dimensional Landau
level dynamics along the direction of the magnetic field.
Whereas in a weakly magnetized medium, the temper-
ature is the dominant energy scale of the system, and
the magnetic field effects enter through the cyclotron fre-
quency of the charged particles in the medium.
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The thermal dissipation in the medium is due to tem-
perature gradient over the spatial separations of fluid
and can be described in terms of the transport coeffi-
cient, thermal conductivity, for a system with conserved
baryon current density. In Refs. [32, 33], the authors
have analyzed the significance of thermal conductivity
in the relativistic dissipative hydrodynamical expansion
of the medium. Thermal conductivity has been studied
within Kubo formalism [34], Nambu-Jona-Lasinio (NJL)
Model [35, 36], transport model [37], and kinetic theory
approach [38, 39]. The electrical and thermal conductivi-
ties for the hadronic medium within the scope of a hadron
resonance gas model have also been estimated [40]. The
thermoelectric behavior of the hot nuclear matter and
the associated Seebeck coefficient have started receiv-
ing much attention very recently [41–44]. The authors
of Refs. [28, 29, 45, 46] have studied the electrical con-
ductivity and Hall conductivity in a weakly magnetized
medium at finite quark chemical potential. It is impor-
tant to emphasize that the Hall current, that is trans-
verse to the electric and magnetic field, vanishes in the
strong magnetic field limit due to the 1 + 1−dimensional
Landau kinematics of the charged particles. The longi-
tudinal heat current and the associated thermal conduc-
tivity of the QGP in the presence of a strong magnetic
field have been investigated in Refs. [25, 26]. It is an in-
teresting task to extend the analysis of heat current to
a weakly magnetized QGP medium to study all compo-
nents of heat current in the medium.
The current work primarily focuses on the effective de-
scription of the thermal transport of a weakly magnetized
QGP medium. The hot QCD medium interactions are
incorporated in the analysis through the effective mod-
eling of quarks/antiquarks and gluonic degrees of free-
dom employing an effective fugacity quasiparticle model
(EQPM) [47–49]. The EQPM is successful in describ-
ing the medium transport coefficients [38], heavy quark
dynamics [50] and dilepton production [51] in the QGP
medium. The description of thermal dissipation requires
the knowledge of the system away from thermal equi-
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2librium. To that end, the effective Boltzmann equation
has been solved within the relaxation time approxima-
tion [52]. As the magnetic field is the subdominant en-
ergy scale compared to the temperature scale, the mag-
netic field effects are entering through the Lorenz force
term in the Boltzmann equation. The relative behaviour
of thermal transport and electrical transport has been
investigated by employing Wiedemann-Franz law for the
weakly magnetized medium.
The paper is organized as follows. Section II describes
the formalism of thermal transport in the QGP in the
presence of a weak magnetic field within a quasiparti-
cle description. Section III is devoted to the relative
significance of the thermal transport and electric charge
transport in a weakly magnetized medium, followed by
the comparison of thermal conductivity in the weak and
strong magnetic field regimes. Results and discussions
of the analysis are presented in section IV. Finally, we
summarize with an outlook in section V.
Notations and conventions: In the cur-
rent analysis, we define the metric tensor as
gµν =diag(1,−1,−1,−1). The fluid velocity
uµ = (1, 0, 0, 0) is normalized to unity in the
rest frame. The fractional charge of the quark is
qf = 2e/3,−e/3,−e/3 for up, down, and strange
quarks, respectively. We define the projection operator
as ∆µν ≡ gµν − uµuν and is orthogonal to uµ. The
four-index traceless symmetric projection operator
takes the form, ∆µναβ ≡ 12 (∆µα∆νβ + ∆µβ∆να) − 13∆µν∆αβ .
The index k denotes the particle species and gk is the
degeneracy factor in the present analysis. For quarks
and antiquarks, gq,q¯ =
∑
f 2Nc such that gq,q¯ = 2NcNf
in the absence of magnetic field, where Nf is the number
of flavor.
II. THERMAL CONDUCTIVITY IN THE
PRESENCE OF A WEAK MAGNETIC FIELD
EQPM description of thermal conductivity with finite mass
and quark chemical potential at B = 0
The EQPM equilibrium distribution function of
quarks/antiquarks and gluons, with a small but finite
quark chemical potential µ take the following forms [53],
f0q/q¯ =
zq exp [−β(u·pq ∓ µ)]
1 + zq exp [−β(u·pq ∓ µ)] , (1)
f0g =
zg exp [−β u·pg]
1− zg exp [−β u·pg] , (2)
where zq and zg are the temperature dependent effec-
tive fugacity parameter of the quarks/antiquarks and glu-
ons, respectively. These parameters encode the thermal
medium effects via the (2 + 1)−flavor lattice EoS in the
effective description of the QGP medium. Note that the
effective fugacities are not connected with any conserved
number current in the medium, and the temperature de-
pendence of the fugacity parameter remains the same
with the finite but small µ−limit [38]. Hence, the fu-
gacity parameter for quark and antiquark is same, i.e.,
zq = zq¯ [47, 48]. Effective fugacities relates the dressed
particle (quasiparticle) four-momenta p˜µk and bare parti-
cle four-momenta pµk as,
p˜k
µ = pµk + δωk u
µ, δωk = T
2 ∂T ln(zk), (3)
which defines the quasiparticle energy ωk as,
p˜k
0 ≡ ωk = k + δωk, (4)
where the bare particle energy k =
√
| p˜k |2 +m2q for
quarks/antiquarks and k =| p˜k | for gluons. The EQPM
definition of the energy momentum tensor Tµν and four
current Nµ in terms of dressed momenta p˜k take the
following forms [52],
Tµν(x) =
∑
k
gk
∫
dP˜k p˜
µ
k p˜
ν
k fk(x, p˜k)
+
∑
k
δωk gk
∫
dP˜k
〈p˜µk p˜νk〉
k
fk(x, p˜k), (5)
and
Nµ(x) =
∑
k
gk
∫
dP˜k p˜
µ
k fk(x, p˜k)
+
∑
k
δωk gk
∫
dP˜k
〈p˜µk〉
k
fk(x, p˜k), (6)
respectively, with the integral measure dP˜k ≡ d
3|p˜k|
(2pi)3ωk
.
Here, 〈p˜µk p˜νk〉 ≡ 12 (∆µα∆νβ + ∆µβ∆να) p˜αk p˜βk and 〈p˜µq 〉 ≡
∆µν p˜
ν
q is the rank one irreducible tensor.
For the system near to local thermodynamic equilib-
rium, the quasiparticle momentum distribution function
takes the form fk = f
0
k + δfk, where δfk/f
0
k  1 for the
k-th species. Thus the macroscopic quantities can be de-
fined in terms of equilibrium and non-equilibrium parts,
Tµν = T 0 µν +∆Tµν(x) and Nµ = N0 µ+∆Nµ(x) with,
∆Tµν(x) =
∑
k
gk
∫
dP˜k p˜
µ
k p˜
ν
k δfk(x, p˜k)
+
∑
k
δωk gk
∫
dP˜k
〈p˜µk p˜νk〉
k
δfk(x, p˜k), (7)
and
∆Nµ(x) =
∑
k
gk
∫
dP˜k p˜
µ
k δfk(x, p˜k)
+
∑
k
δωk gk
∫
dP˜k
〈p˜µk〉
k
δfk(x, p˜k). (8)
The covariant effective Boltzmann equation describes the
evolution of quasiparticle distribution function and has
the following form,
p˜µk ∂µfk(x, p˜k)+F
µ
k (u·p˜k) ∂(p)µ fk = C[fk] ≡ − (u·p˜k)
δfk
τRk
,
(9)
3where C[fk] is the collision integral and is defined in
terms of thermal relaxation time τR within the relax-
ation time approximation (RTA) [54]. The quantity
Fµk = −∂ν(δωkuνuµ) is the mean field force term that
defined from the conservation of the EQPM energy mo-
mentum and particle four-flow. We solve the relativistic
transport equation within RTA to obtain δfk by taking
an iterative Chapman-Enskog like solution [55] for mul-
ticomponent, many particle system. The first order cor-
rection the distribution function takes the forms,
δfk = τRk
[
1
T
{
p˜0k ∂0T + p˜
i
k ∂iT
}
+
T
p˜0k
{
p˜0k ∂0
(µ
T
)
+p˜ik ∂i
(µ
T
)}
− 1
p˜0k
{
p˜0k p˜
ν
k ∂0uν+p˜
i
k p˜
ν
k ∂iuν
}
+θ δωk
]
∂f0k
∂k
.
(10)
The non-equilibrium part of the distribution function en-
codes different thermodynamic forces that correspond to
different transport processes. The trace part of velocity
gradient θ = ∂µu
µ and traceless part of velocity gradi-
ent ∆µναβ∂αuβ denotes the bulk and shear viscous force,
respectively. The current focus is on the thermal driving
force, which is related to the temperature gradient in the
medium. It is important to emphasize that these ther-
modynamic forces are independent to each other. Em-
ploying ∂0uν =
∇νP
nh from the energy-momentum con-
servation, where n is the number density and h = ε+Pn
is the enthalpy per particle, along with the relativistic
Gibbs-Duhem relation, ∂i
(
µ
T
)
= − hT 2 (∂iT − Tnh∂iP ) for
the system of multicomponent many particles, we have
δfk = τRk
∂f0k
∂k
(
ωk − hk
)
vk.X + δfk shear + δfk bulk, (11)
where vi = p˜
i
p˜0 and the thermal driving force takes the
form as follows,
Xi =
∂iT
T
− ∂iP
nh
. (12)
Note that in the steady state, the momentum conserva-
tion implies that ∂iP = 0. Thermal conduction involves
the relative flow of energy, and the heat current for single
component particle Iik takes the form,
Iik = ∆T
0i
k − hk∆N ik, (13)
where the ∆T 0i and ∆N i take the forms as follows,
∆T 0i =
∑
k
gk
τRk
3
∫
dP˜k | p˜k |2
(
ωk − hk
)∂f0k
∂k
Xi,
(14)
and
∆N i =
∑
k
gk
τRk
3
∫
dP˜k
| p˜k |2
ωk
(
ωk − hk
)∂f0k
∂k
Xi
−
∑
k
δωkgk
τRk
3
∫
dP˜k
| p˜k |2
ωk k
(
ωk − hk
)∂f0k
∂k
Xi.
(15)
One can define the heat conductivity κ employing ei-
ther the Eckart or Landau-Lifshitz condition as, Ii =
−κTXi. Employing the Gibbs-Duhem relation, one can
rewrite the definition of heat current as, Ii = κT
2
h ∂i(
µ
T ).
This implies that the thermal conductivity vanishes for
a system without any conserved current. Substituting
Eq. (14) and Eq. (15) on the definition of heat current,
we obtain thermal conductivity as,
κ =
1
3T
∑
k
gkτRk
∫
dP˜k
| p˜k |2
ωk
(
ωk − hk
)2(− ∂f0k
∂k
)
+
1
3T
∑
k
δωkgkτRk
∫
dP˜k
| p˜k |2
ωk k
hk
(
ωk − hk
)(− ∂f0k
∂k
)
.
(16)
Note that in the ultra-relativistic limit (zk = 1), the ex-
pression of thermal conductivity reduces back to that in
Ref. [56]. The Eq. (16) denotes the EQPM description
of thermal conductivity in the absence of the magnetic
field in the medium.
Thermal conductivity in a weak magnetic field
As the strength of the magnetic field is weak, particle
dispersion is not directly affected by the field, unlike the
1 + 1−dimensional Landau level kinematics in the strong
field limit. The effective relativistic Boltzmann equation
in the presence of electromagnetic field strength tensor
Fµν modifies to the following form,
p˜µk ∂µfk(x, p˜k) +
(
Fµk (u·p˜k) +qfkFµν p˜k µ
)
∂(p)µ fk
= − (u·p˜k) δfk
τRk
, (17)
where qfk is the charge of the particle of flavor f . It has
been observed in the previous studies [25, 49] that the
magnetic field has a strong dependence on QCD thermo-
dynamics and collision kernel in the strong field limit.
This is attributed to the fact that the magnetic field is
considered as the dominant energy scale in the system.
In the current analysis, the weak magnetic field can be
considered as a small perturbation in the system. This
allows us to ignore the effect of the magnetic field on
the thermodynamics and collision integral in the present
analysis. The EQPM description of thermal relaxation
time for the pk + pl −→ pk′ + pl′ binary scattering pro-
cesses is described in detail in Ref. [38]. It turned out that
4the thermal relaxation depends on the coupling constant
as,
τ−1Rg,q,q¯ ∼ Tα2eff ln
{
1
αeff
}
. (18)
The EQPM is based on charge renormalization, and effec-
tive coupling αeff can be defined from the Debye screening
of the hot QCD medium. The effective coupling at finite
temperature and chemical potential takes the following
form,
αeff =
[
2Nc
pi2
PolyLog[2, zg]− 2Nf
pi2
PolyLog[2,−zq]
+ µ2
Nf
pi2
zq
1 + zq
]
αs(T, µ)(
Nc
3 +
Nf
6 + µ
2 Nf
2pi2
) , (19)
where αs(T, µ) is the running coupling constant taken
from 2-loop QCD gauge coupling constants. Note that
the same analysis will not hold true for the case of the
strongly magnetized medium. The estimation of the col-
lision kernel and relaxation time in a strongly magnetized
medium has been investigated in Refs. [25].
Since the current focus is only on the effects of thermal
transport in the presence of a magnetic field and, taking
account of the fact that all thermodynamic forces are in-
dependent, we omit all other forces other than thermal
driving forces, as described in Refs. [43]. Expanding each
term in the Boltzmann equation and keeping terms cor-
responding to the thermal transport in the weakly mag-
netized medium, we obtain[
− ∂f
o
k
∂k
(
ωk − hk
)]
vk.X + qfk(vk ×B).
∂fk
∂p˜k
= − δfk
τRk
.
(20)
The term
∂f0k
∂p˜k
∝ vk and hence the Lorenz force vanishes
in the equilibrium case. Hence, we have
[
− ∂f
o
k
∂k
(
ωk − hk
)]
vk.X + qfk(vk ×B).
∂δfk
∂p˜k
= − δfk
τRk
.
(21)
The Eq. (21) can be solved by choosing the following
ansatz for the non-equilibrium part of the distribution
function,
δfk = (p˜k .Ξ)
∂fok
∂k
, (22)
in which Ξ related to the thermal driving force and the
magnetic field in the medium and takes the following
form,
Ξ = α1 b + α2 X + α3
(
X× b
)
. (23)
Here, b = B|B| is the direction of the magnetic field in the
medium. In Ref. [57], the authors have estimated five
components of shear stress tensor and two components
of bulk viscosity in the magnetized medium. Note that
there will be more terms in the analysis if we switch on
the electric field and viscous effects, which corresponds
to seven viscous coefficients (five shear viscosity and two
bulk viscosity) and two electric charge transport coeffi-
cients (electrical and hall conductivity) in the medium.
Substituting Eq. (22) in Eq. (21) and employing the gen-
eral expression of Ξ as described in Eq. (23), we obtain,
− (ωk − hk)vk.X + qfkvk.(B× α2X) + qfkvk.(B× α3(X× b)) = − ωkτRk
[
α1vk.b + α2vk.X + α3vk.(X× b)
]
.
(24)
The parameters α1, α2, and α3 can be obtained by com-
paring the independent terms with different tensor struc-
tures in both sides of the Eq. (24), and we have,
ωk
τRk
α1 = α3qfk | B | (b.X), (25)
ωk
τRk
α2 =
(
ωk − hk
)− α3qfk | B |, (26)
ωk
τRk
α3 = α2qfk | B | . (27)
Employing Eqs. (25-27) and defining Ωc k =
qfk |B|
ωk
, where
| Ωc k | describes the cyclotron frequency, the parameters
reduced to the following forms,
α1 =
τ2R
ωk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
Ω2c k (b.X), (28)
α2 =
τRk
ωk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
, (29)
α3 =
τ2Rk
ωk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
Ωc k. (30)
Substituting Eqs. (28-30) in Eq. (23), we obtain the non-
equilibrium correction to the distribution function in the
5presence of the weak magnetic field from Eq. (22) as,
δfk =τRk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
[(
vk.X
)
+ τRk Ωc kvk.
(
X× b)
+ τRk Ω
2
c k
(
b.X
) (
vk.b
)] ∂fok
∂k
. (31)
Using Eq. (31), the heat current in the weakly magne-
tized medium takes the form as follows,
Ii =
∑
k
gkτRk
∫
dP˜k p˜
i
k
(
ωk − hk
)2
(1 + τ2Rk Ω
2
c k)
[(
vk.X
)
+ τRk Ωc kvk.
(
X× b)+ τRk Ω2c k (b.X) (vk.b)] ∂fok∂k
+
∑
k
δωkgkτRk
∫
dP˜k
p˜ik
k
hk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
[(
vk.X
)
+ τRk Ωc kvk.
(
X× b)+ τRk Ω2c k (b.X) (vk.b)] ∂fok∂k .
(32)
To quantify the effects of the magnetic field in thermal
transport, we further simplified the analysis by fixing the
direction of the magnetic field along the z−axis and the
temperature gradient (thermal driving force) in the x−y
plane. Following this condition, the heat current takes
the form as follows,
I = −κ0TX− κ1T (X× b), (33)
where the thermal transport coefficients in the weakly
magnetized medium, κ0 and κ1, can be defined as,
κ0 =
1
3T
∑
k
gk τRk
∫
dP˜k
| p˜k |2
ωk
(
ωk − hk
)2
(1 + τ2Rk Ω
2
c k)
(
− ∂f
0
k
∂k
)
+
1
3T
∑
k
δωk gk τRk
∫
dP˜k
| p˜k |2
ωk k
hk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
×
(
− ∂f
0
k
∂k
)
, (34)
and
κ1 =
1
3T
∑
k
gk τ
2
Rk
∫
dP˜k
| p˜k |2
ωk
(
ωk − hk
)2
(1 + τ2Rk Ω
2
c k)
Ωc k
×
(
− ∂f
0
k
∂k
)
+
1
3T
∑
k
δωk gk τ
2
Rk
∫
dP˜k
| p˜k |2
ωk k
hk
(
ωk − hk
)
(1 + τ2Rk Ω
2
c k)
× Ωc k
(
− ∂f
0
k
∂k
)
, (35)
respectively. At B = 0, Eq. (34) reduces back to the def-
inition of conductivity in the absence of a magnetic field
as in Eq. (16). The expression of heat current Eq. (33)
is analogous to that of electric current in the magnetized
medium and is discussed in detail in the next section.
III. RELATIVE SIGNIFICANCE OF THERMAL
TRANSPORT IN THE MEDIUM
This section deals with the relative importance of heat
transport and electric charge transport in a weakly mag-
netized hot QCD medium. This can be quantified in
terms of Lorenz number of the medium. As the dynam-
ics of particles are different in the presence of the strong
magnetic field compared to the weakly magnetized sys-
tem, we compare the thermal dissipative process and as-
sociated transport coefficients in both these regimes of
the magnetic field.
A. Thermal transport versus charge transport in a
weak magnetic field
The relative importance of thermal and charge trans-
port in the QCD medium can be understood in terms of
Wiedemann-Franz law:
Thermal conductivity
T × Charge conductivity ≡ L, (36)
where L is the Lorenz number. The magnitude of the L
describes the system as good electrical as well as thermal
conductor. In general for anisotropic cases, the electri-
cal conductivity and thermal conductivity are tensorial
quantities, and hence L has different components (i.e., L
posses tensorial form). The main focus here is to study
whether the QCD medium follows this behaviour in the
presence of the weak magnetic field while incorporating
QCD EoS effects via the EQPM. This requires the EQPM
description of charge transport coefficients in the weakly
magnetized medium.
In the present analysis, we consider the electric field E
in the direction transverse to that of the magnetic field,
say along x−axis. The electric current j in the weakly
magnetized medium can be defined as,
j = σeE + σH(E× b), (37)
where σe and σH denotes the electrical conductivity and
Hall conductivity, respectively. The EQPM description
of electric current while incorporating mean-field terms
takes the following form,
j =
∑
f
2Ncqfq
∫
dP˜q vq(fq − fq¯)
−
∑
f
δωq2Ncqfq
∫
dP˜q
vq
q
(fq − fq¯), (38)
with qfq¯ = −qfq . We use the Boltzmann equation
Eq. (17) to consider the δfk due to the external pertur-
bation E in the weakly magnetized medium. Following
the same formalism in Ref. [28] within the EQPM frame-
6work, we obtain
δfk =− qfkEvk x
(
∂fok
∂k
)
τRk
(1 + τ2Rk Ω
2
c k)
+ qfkEvk y
(
∂fok
∂k
)
Ωc kτ
2
Rk
(1 + τ2Rk Ω
2
c k)
. (39)
Substituting Eq. (39) to Eq. (38) and employing Eq. (37)
we obtain the electrical conductivity and Hall conductiv-
ity respectively as,
σe =
1
3T
∑
k
gkτRkq
2
fk
∫
dP˜k
| p˜k |2
ω2k
1
(1 + τ2Rk Ω
2
c k)
(
− ∂f
0
k
∂k
)
− 1
3T
∑
k
δωkgkτRkq
2
fk
∫
dP˜k
| p˜k |2
ω2k
1
k
1
(1 + τ2Rk Ω
2
c k)
×
(
− ∂f
0
k
∂k
)
, (40)
and
σH =
1
3T
∑
k
gkτ
2
Rk
q2fk
∫
dP˜k
| p˜k |2
ω2k
1
(1 + τ2Rk Ω
2
c k)
× Ωc k
(
− ∂f
0
k
∂k
)
− 1
3T
∑
k=q,q¯
δωkgkτ
2
Rk
q2fk
∫
dP˜k
| p˜k |2
ω2k k
1
(1 + τ2Rk Ω
2
c k)
× Ωc k
(
− ∂f
0
k
∂k
)
. (41)
Note that the heat current defined in Eq. (33) is anal-
ogous to the definition of electric charge current in
Eq. (37). The thermal driving force (which is related to
the temperature gradient) is the source of perturbation
for the dissipative thermal transport process, whereas the
electric field perturbs the medium for the charge trans-
port. In the presence of the magnetic field, in addition
to the Ohmic current, the Lorenz force results in the
Hall current perpendicular to the particle velocity and
the magnetic field, and we define σH as the associated
transport coefficient. The coefficient κ1 is analogous to
Hall conductivity σH as the second term in Eq. (33) de-
scribes the heat current transverse to the thermal driving
force and magnetic field. Similar to κ1, σH is in second
order in thermal relaxation time and is subdominant in
comparison with σe.
From Eq. (41) and Eq. (37), we observe that the sec-
ond order current (Hall current) is proportional to µ and
vanishes at µ = 0 limit. This observation is in line with
that of Ref. [58]. From Eq. (35), we see that κ1 decreases
with decrease in µ as the factor
qfkB
ωk
depends on the
charge of the particle species k.
B. Weak magnetic field versus strong field limit
In the presence of a strong magnetic field (along the
z− axis), the charged particle motion is constrained in
the direction of the field via 1 + 1−dimensional Landau
level kinematics. It has been shown that 1 → 2 pro-
cesses are kinematically possible in the dimensionally re-
duced medium in Ref. [24]. Thermal relaxation in the
strongly magnetized hot QCD medium for the dominant
1 → 2 processes has been estimated in Ref. [25]. The
lowest Landau level (LLL) approximation is valid in the
regime T 2 | qfkB |. However, the LLL approxima-
tion is questionable at high temperature regimes. In our
previous works [25, 59], we have estimated viscous coeffi-
cients, electrical conductivity, and thermal conductivity
with full Landau level resummation in a more realistic
regime gT √| qfB |. The thermal conductivity in the
strongly magnetized medium takes the following form,
κ0 =
∞∑
l=0
∑
k
dl
| qfkB |
2pi
Nc
T 2
∫ ∞
−∞
dp˜zk
2pi
τeff
(ωlk − hlk)2
ωl 2k
× p˜2zkf l 0k (1− f l 0k )
−
∞∑
l=0
∑
k
dlδωk
| qfkB |
2pi
Nc
T 2
∫ ∞
−∞
dp˜zk
2pi
τeff
hlk(ω
l
k − hlk)
ωl 2k
× p˜
2
zk√
p2z +m
2
f + 2l | qfkB |
f l 0k (1− f l 0k ), (42)
where dl = (2 − δl0) is the spin degeneracy factor of
Landau levels l, hlk is the enthalpy per particle in the
presence of the strong magnetic field, and τeff is the re-
laxation time for the 1 → 2 processes in the strong field
limit. Here, f l 0k and ωlk denotes the quark/antiquark
distribution function and single quasiparticle energy re-
spectively and take the forms,
f l 0k =
zk exp
[
− β
(√
p2z +m
2
f + 2l | qfkB | ∓ µ
)]
1 + zk exp
[
− β
(√
p2z +m
2
f + 2l | qfkB | ∓ µ
)] ,
(43)
and
ωlk =
√
p2z +m
2
f + 2l | qfkB |+ δωk. (44)
Note that in the strongly magnetized medium gluonic
contribution to the thermal conductivity is negligible in
comparison with quark and antiquark contribution. The
heat current transverse to the magnetic field is negligible
as the dominant contribution of temperature gradient in
the dimensionally reduced medium is along the direction
of the field, i.e., κ1 vanishes in the strong field limit. The
same observation, i.e., σH ∼ 0, holds true for the charge
transport in the strongly magnetized medium.
The magnetic field dependence on the temperature be-
haviour of the Lorenz number L in a weakly magnetized
medium is analyzed and compared the results with that
in the case of the strong field regime (beyond the LLL
approximation), in the next section.
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FIG. 1: (Color online) The magnetic field dependence on the κ0 (left panel) and κ1 (right panel) at µ = 200 MeV.
IV. RESULTS AND DISCUSSIONS
The mean field contributions to the thermal conduc-
tivity κ0 and Hall type conductivity κ1 associated with
the thermal transport process in the weakly magnetized
QGP is described in Eq. (34) and Eq. (35). The mean
field effects that arise from the EQPM description of
the medium to the transport coefficients are well investi-
gated in Refs. [52, 53]. At high temperature regimes, the
system attains non-interacting ideal EoS (asymptotically
free), i.e., zg/q → 1, at very high temperature. Hence,
the mean field terms to κ0 and κ1 are negligible in the
high temperature regimes.
The effect of the magnetic field on κ0 and κ1 are shown
in Fig.1. Note that the current analysis is on the weakly
magnetized medium with temperature as the dominant
energy scale in the system as compared to the magnetic
field. The magnetic field dependence on the thermal
conductivity κ0 is entering through the cyclotron fre-
quency | Ωc k | as described in Eq. (34). The temper-
ature behaviour of the ratio of κ0 to the thermal conduc-
tivity in the absence of magnetic field κB=0 is plotted
at | eB |= 0.005 GeV2, 0.01 GeV2 and 0.02 GeV2 at
a finite chemical potential µ = 200 MeV (left panel).
It is seen that the coefficient κ0 decreases with an in-
crease in the strength of the magnetic field. This is due
to the factor 1
1+τ2Rk
Ω2c k
that originates from the Lorenz
force term in the Boltzmann equation in the presence of
a weak magnetic field. The effect of the magnetic field
is more visible in the lower temperature regimes. The
results reduced to that of Ref.[56] in the case of vanish-
ing magnetic field at the ultra-relativistic limit (zk → 1).
Due to the Lorenz force, the initial motion of the particle
gets deflected in a weakly magnetized medium. This, in
turn, leads to another component of thermal transport
coefficient κ1 in the direction perpendicular to the mag-
netic field and thermal driving force at a finite chemical
potential. The temperature dependence of κ1 at µ = 200
MeV is depicted in the right panel of Fig.1. The coeffi-
cient κ1 increases with the strength of the magnetic field
as it is proportional to the factor Ωc k
1+τ2Rk
Ω2c k
. The ratio
approaches zero asymptotically, and this implies that the
effect of the magnetic field in the thermal transport in a
weakly magnetized medium is negligible at a very high
temperature. It is important to emphasize that the coef-
ficient κ1 vanishes in the dimensionally reduced system
in the presence of a strong magnetic field.
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FIG. 2: (Color online) Dependence of chemical
potential on the temperature behaviour of κ1 at
| eB |= 0.01 GeV2.
In Fig.2, the dependence of finite quark chemical po-
tential on temperature behaviour of κ1 is plotted for a
fixed magnetic field, say | eB |= 0.01 GeV2. We observe
that the ratio of Hall type thermal transport coefficient to
κB=0 decreases with a decrease in µ. This can be under-
stood from Eq. (35) as Ωc k =
qfkB
ωk
depends on the charge
of the species and we have, qfq = −qfq¯ . Note that the cy-
clotron frequency
|qfkB|
ωk
remains intact for both species.
A similar observation holds true for the Hall conductivity
associated with the electric charge transport in a weakly
magnetized medium [58].
The relative behaviour of thermal transport and elec-
tric charge transport in the weakly magnetized medium
is quantified in terms of Lorenz number L. The tem-
perature behaviour of the Lorenz number for the weakly
magnetized QGP is plotted in the directions transverse
to the direction of the magnetic field (say, x−axis and
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FIG. 3: (Color online) Lorenz number within the EQPM as a function of temperature in a weakly magnetized
medium at | eB |= 0.01 GeV2 and µ = 200 MeV.
y−axis, in the current analysis) in Fig.3. For the tem-
perature range from T = 0.25 GeV to T = 0.5 GeV,
L ≡ κ0σeT varies from 160 to 95 for the weakly magnetized
medium. At high temperature regime T > 0.45 GeV, the
magnitude of L saturates closer to 95, which is the Stefan-
Boltzmann limit of the QGP (ultra-relativistic limit). It
is observed that the Wiedemann-Franz law is violated
in the weakly magnetized medium at the lower tempera-
ture regime. This observations perhaps indicates towards
much more complex behaviour of the QGP medium as
a strongly interacting quantum fluid near the transition
temperature. Noticeably, deviation of the Lorenz num-
ber has been studied in holographic anisotropic mod-
els, which are dual to N = 4 spatially anisotropic Su-
per Yang-Mills (SYM) theory at finite µ [60]. Recently,
the authors of Ref.[26] have realized the violation of the
Wiedemann-Franz law in the presence of a strong mag-
netic field within LLL approximation. In the current
analysis, we have extended the analysis of temperature
dependence of Lorenz number from the weak magnetic
field limit to the strong field limit while considering the
higher Landau level contributions to the longitudinal
electrical and thermal conductivities within the EQPM.
We have compared the results with that of Ref. [38] where
the validity of the Wiedemann-Franz law is studied for
the medium with non-ideal EoS at vanishing magnetic
field without incorporating the mean field effects. It is
seen that both the magnetic field and EoS have a signifi-
cant impact on the Lorenz number both in the weak and
strong magnetic fields limit. We have observed similar
temperature behaviour for the Lorenz number L ≡ κ1σHT
along the transverse direction to the magnetic field and
thermal driving force (and electric field), say along the
y−axis. At a very high temperature, the number satu-
rates closer to 55 within the EQPM description.
V. CONCLUSION AND OUTLOOK
In this article, we have studied the thermal transport
of the medium in the presence of a weak magnetic field.
We have incorporated the realistic EoS effects through
the EQPM modeling of the equilibrium distribution func-
tions by considering the system as a grand canonical en-
semble of quarks, antiquarks, and quarks with a finite µ.
The effective covariant transport equation is employed
to describe the evolution of the medium. The magnetic
field is considered to be weak and is subdominant to
the temperature energy scale in the system. We have
studied the effects of mean field corrections to the trans-
port coefficients associated with the thermal transport in
the weakly magnetized medium at finite baryon chemi-
cal potential. The presence of the magnetic field in the
QGP medium leads to Hall type conductivity, which is
transverse to both the magnetic field and thermal driving
force, associated with the thermal transport process. We
have studied the dependence of the magnetic field and
quark chemical potential in the temperature behaviour
of the thermal transport coefficients in the medium. We
found that the effects of the magnetic field and chemical
potential are pronounced in the temperature regime near
to the transition temperature.
Further, we have investigated the relative significance
of thermal and electric transport processes in the weakly
magnetized medium in terms of the Wiedemann-Franz
law. It is observed that the Wiedemann-Franz law is vio-
lated in the medium, especially in the lower temperature
regimes. We have extended the analysis to the strong
magnetic field limit while incorporating the higher Lan-
dau level effects. The temperature dependence of the
Lorenz number has estimated for strong and weak mag-
netic fields. We have compared the results with other
parallel works. It is observed that both the magnetic
field and hot QCD medium interactions have key roles
in the relative behaviour of thermal and electric charge
transport of the medium, especially in the temperature
regimes not very far from the transition temperature.
The analysis presented in the article is the first step
towards the estimation of all components of shear and
bulk viscous coefficients in a weakly magnetized medium
within the effective kinetic theory. The investigation of
the effects of hot QCD medium interactions to the ther-
9moelectric coefficients such as Magneto-Seebeck coeffi-
cient and Nernst coefficient, and the effects of inhomo-
geneity of the electromagnetic fields to the transport co-
efficients are other interesting directions to work in the
near future.
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